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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide the exciting method of an optical amplifier or a laser oscillator with 1.4 to 1.52 . m band. 
SOLUTION: The optical amplifier with 1.4 to 1.52 . m band which is provided with an exciting light source, multiplexer/demultiplexer 
and an amplification optical waveguide is excited by the two or above types of different wavelengths of at least one wavelength from a 
range in the wavelengths 0.65 to 0.75 . m and one wavelength from a range in the wavelengths 1.35 to 1.45 . m. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] In 1 .4-1.52-micrometer band optical amplifier equipped with the excitation light source, a multi/demulitiplexer, and the optical 
waveguide for magnification at least The core section of the optical waveguide for magnification contains Tm. The range of 0.65-0.75- 
micrometer wavelength to at least one wave (excitation wavelength 1). The excitation approach of 1.4-1.52-micrometer band optical 
amplifier characterized by exciting from the range of 1.35-1.45-micrometer wavelength on at least one wave (excitation wavelength 2) 
of mutually different wavelength [ two or more kinds of ]. 

[Claim 2] The excitation approach of 1.4-1.52-micrometer band laser oscillation machine characterized by exciting on at least one 
wave (excitation wavelength 2) of mutually different wavelength [ two or more kinds of ] in the excitation light source, a 
multi/demulitiplexer. and 1.4-1.52-micrometer band laser oscillation machine equipped with the optical waveguide for magnification 
from the range of the range of 0.65-0. 75-micrometer wavelength to at least one wave (excitation wavelength 1), and 1.35-1.45- 
micrometer wavelength at least. 

[Claim 3] The excitation approach of the optical amplifier of 1.4-1.52-micrometer band according to claim 1 or 2 characterized by the 
core section of the optical waveguide for magnification consisting of at least one kind of glass chosen from the halide oxide glass which 
added Tm, halide glass, chalcogenide glass. KARUKO halide glass, a tellurite glass, bismuthate glass, a gel money toga lath, and gallium 
acid chloride glass, or the excitation approach of 1.4-1.52-micrometer band laser oscillation machine. 

[Claim 4] Claim 1 to claim 3 characterized by at least one of the excitation light sources being semiconductor laser is the excitation 
approach of 1.4-1.52-micrometer band optical amplifier a publication, or the excitation approach of 1.4-1.52-micrometer band laser 
oscillation machine either. 

[Claim 5] The excitation power of the excitation wavelength chosen from the range of 0.65-0.75-micrometer wavelength (PI), When the 
ratio (R) of the excitation power (P2) of the excitation wavelength chosen from the range of 1.35-1,45-micrometer wavelength is at 
R=P1/(P1+P2) x100% and is expressed. Claim 1 - claim 4 which are characterized by being in within the limits whose power ratio is 0% 
< R<=82.5% are the excitation approach of 1.4-1.52-micrometer band optical amplifier a publication, or the excitation approach of 1.4- 
1.52-micrometer band laser oscillation machine either. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the excitation approach of the optical amplifier used by the optical communication of 

1.4-1.52-micrometer band etc.. or a laser oscillation machine. 

[0002] 

[Description of the Prior Art] In optical communication. 1.55-micrometer band which is the minimum loss wavelength of a quartz fiber, 
and 1.3-micrometer band which is 0 dispersive-wave length have been used. Researches and developments of an optical amplifier were 
actively done to these wavelength ranges, and a big success has been stored especially with 1.55-micrometer band. Recent years 
come, high-speed large capacity-ization of the Internet or data transmission is called for, and wave-length multiple telecommunication 
(WDM) is being put in practical use from a viewpoint of the increment in channel capacity. However, only with 1.55-micrometer band, 
capacity might be insufficient someday and the motion which asks for another band came out. The demand referred to as wanting to 
use the large transmitted wave length range whole region of the quartz fiber to 1.3 to 1.7 micrometers for a communication link 
especially is strong. For this reason, research of 1 .47-micrometer band which added Tm, or 1 .65-micrometer band fiber amplifier is 
done briskly. 
[0003] 

[Problem(s) to be Solved by the Invention] The proposal which uses the fiber of the low phonon glass which added Tm for magnification 
or laser oscillation of 1. 47-micrometer band is made ( Rareearth-doping fiber laser and amplifiers pp49-53. besides 1988 14th Europe 
[ per year ] optical committee minutes, and D.N.Payne, and lEEE.J.Quantum Electronics vol.24(6) (1988) 920-923). The level of Tm is 
shown in drawing 1 . Magnification of 1. 47-micrometer band is performed using the induced emission process of 3H4 ->3F4. and has 
1.4-1.52-micrometer broad gain and a magnification band in fact. As the excitation approach, the approach (JP,5-275792,A) of exciting 
two steps by 1.06 micrometers, the approach (JP,4-265251 ,A) of exciting 3H4 of Tm directly with 0.7-0.89-micrometer band, the 
approach (JP.4-180279.A) of exciting two steps with 1.2-micrometer band, etc. are indicated. However, the life time of fluorescence of 
3H4 level of Tm is shorter than the life time of fluorescence of 3F4, and it is known that it is difficult to acquire the inverted population 
required for magnification or laser oscillation. Such a property is called self-halt (Self terminating) device, and is made unsuitable for 
efficient magnification or laser oscillation. For this reason, in order to form 3F4 into a short life, the approach (JP,4-265251,A, JP.5- 
1451 68,A, JP,7-45899,A) of adding Eu, Tb, Ho, Pr, etc. is indicated. However, if it adds more than fixed concentration, since these 
coadditive elements will require the skirt of absorption also for 1 .4-1 .52-micrometer band of the purpose wavelength, will produce the 
energy transfer which is not desirable and will have a bad influence on the imagnification effectiveness of 1 .4-1.52-micrometer band, 
the presentation of a magnification medium has a limit. Moreover, although the proposal which excites Tm addition fiber with two waves 
is also made, many are the sources of short wave Nagamitsu using a rise conversion process (for example. JP,5-319858A JP,8- 
307000,A. etc.). 

[0004] On the other hand, research aiming at improvement in excitation efficiency and power conversion efficiency is recently 
becoming active. It is shown by JP.2001-007426,A and JP,2001 -024263.A that it is more efficient than one conventional wave or two- 
wave excitation, and can amplify by two-wave excitation. Moreover, OFC2001 Technical digest series besides S.Aozasa. PD1, and 
OFC2001 Technical digest series besides F.Ray and PD2 have reported that the power conversion efficiency which exceeds 40% by the 
one-wave excitation by 1.40 micrometers or two-wave excitation (1.24 micrometers and 1.40 micrometers) is acquired. 
[0005] However, by the approach of S.Aozasa and others excited with one wave with a wavelength of 1.40 micrometers, since there is 
no corresponding absorption, it cannot excite to upper level efficiently from 3H6 which are a ground state (refer to drayyinj^ 1 ). 
Moreover, since it will excite in process of [ complicated ] 3H6 ->3H5 ->3F4 ->3H4 which are the bottom level of luminescence and 
passes along 3F4 which are the bottom level of luminescence by F.Ray's and others approach, it cannot be said to be the optimal 
excitation approach which forms the inverted population. On the other hand, since the direct excitation from the base is used by the 
approach of JP,2001-007426.A and the induced emission of 3H4 ->3H6 happens by the powerful excitation light of 0.8-micrometer 
band although it is the excitation approach better than the two aforementioned law. it cannot necessarily be said that it is suitable for 
efficient excitation. By the approach of JP.2001 -024263,A. although the fault of the induced emission by excitation light is conquered, 
there is room of an improvement at the point of quantum efficiency. 
[0006] 

[The concrete means for solving a technical problem] Comprehensively in consideration of said problem, wholeheartedly, as a result of 
examination, this invention persons found out the excitation approach which controls, is efficient and it not only can form the inverted 
population efficiently, but can amplify radiation of 3H4 ->3H6 between 3H4 and 3F4. and reached this invention. 

[0007] That is. this invention offers efficient 1 .4-1.52-micrometer band optical amplifier or a laser oscillation machine as the excitation 
light source at least in 1. 4-1.52-micrometer band optical amplifier or laser oscillation equipment which used as the magnification 
medium optical waveguide which contained Tm to the core by exciting on at least one wave of mutually different wavelength [ two or 
more kinds of] from the range of 0.65-0.75 micrometers to at least one wave, and the range of 1.35-1.45 micrometers. 
[0008] This invention is explained in full detail below. 

[0009] The low phonon energy ingredient not more than phonon energy 700cm-l fits the efficient optical amplification or the laser 
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oscillation of 1 .4-1 .52-micrometer band (energy difference: about 6800cm- 1) which added Tm, and a high phonon energy ingredient 
(about [ Generally / 1000cm - ] 1) like a silica system oxide or a boric-acid system oxide is made unsuitable. As such a low phonon 
energy glass ingredient, halide glass, chalcogenide glass, halide oxide glass, KARUKO halide glass, a tellurite glass (tellurite glass), 
bismuthate glass, a gel money toga lath, gallium acid chloride glass, etc. are known. However, these low phonon energy glass ingredients 
are well known also as a rise conversion laser ingredient, excitation energy is consumed by luminescence of red or blue and it is known 
for the usual excitation approach that the luminous efficiency of 1.4-1.52-micrometer band is very low. Moreover, the life time of 
fluorescence of 3H4 is shorter than the life time of fluorescence of 3F4 of the bottom level of luminescence, and effectiveness is very 
low, even when it considers as the example of representation of a self-halt device, it is known that the laser oscillation itself is difficult 
and it succeeds in an oscillation (for example, J.Y.AIIain other s. Electronics lett.25 (1989) 1660-1662). For this reason, neither was the 
optimal approach although the above-mentioned various approaches had been tried. 

[0010] To these approaches, this invention is exciting on at least one wave of mutually different wavelength [ two or more kinds of] 
from the range of at least one wave and 1.35-1.45-micrometer wavelength from the range of 0.65-0.75-micrometer wavelength, and 
formation of the inverted population becomes easy, moreover radiation of 3H4 ->3H6 cannot take place easily, and it finds out that 
magnification or laser oscillation Is possible efficient by low excitation power. 

[001 1] The excitation approach of this invention is explained in more detail ( drawing 2 ). First, Tm ion contained to the core of optical 
waveguide is excited to ground state (3H6) ->3F2 or 3F3 by at least one wave of excitation light (it considers as the excitation light 1 
hereafter) chosen from the wavelength of 0.65-0.75 micrometers (excitation process 1). next, pass a non-radiated relaxation process 
(radiation process 1) — it is eased by 3H4 and luminescence or magnification of 1.4-1.52-micrometer band is produced in transition 
(radiation process 2) of 3H4 ->3F4. Next, it excites on the sublevel of level (3F4) ->3H4 under luminescence by at least one wave of 
excitation light (it considers as the excitation light 2 hereafter) chosen from the range of 1.35-1.45-micrometer wavelength (excitation 
process 2). By this excitation, it decreases a 3F4 existence probability effectually, and a self-halt device is not only avoidable, but can 
acquire the highest quantum efficiency. Finally, luminescence of 1.4-1.52-micrometer band arises by 3H4 ->3F4 (radiation process 2) 
again. Moreover, by this excitation approach, there Is the description efficiently decreased in a 3H5 existence probability by the 
process (excitation process 3) of 3H5 ->3F2 by the excitation light 2. 

[0012] When a 3H5 existence probability increases, it turns out that excitation state absorption (ESAiExclted State Absorption) arises 
in a 1.4-1.7-micrometer very large wavelength region, and magnification effectiveness is remarkably reduced from the absorption 
spectrum and ESA spectrum ( drayving 3 ) of Tm. Although this invention can avoid this ESA efficiently, the excitation light of further 
1.5-1.7-micrometer band may be added, in order that this approach may reduce the ESA loss near 1.5 micrometer (3H5 ->3F3) — a 
long wave — it is the approach which is effective in improving the gain property by the side of merit (T. Proceedings OAA'99 besides 
Kasamatsu. PDP1). and attracts attention as gain wavelength shift Tm addition fiber amplifier (GS-TDFA:Gain Shifted Thulium Doped 
Fiber Amplifier). 

[0013] It is the semi- 3 level process in which it used as a ground level of imagination of 3F4, and formation of the inverted population 
is very easy as drawing 2 shows by the excitation approach of this patent. Moreover, by this approach, since a strong light of 0.8- 
micrometer band equivalent to the energy difference of 3H4 ->3H6 does not exist, stimulated emission of 3H4 ->3H6 cannot happen 
easily, and the transition probability of 3H4 ->3F4 can be raised. Moreover, also in the excitation wavelength 1, since 0.67-0.72- 
micrometer band can avoid 3H4 ->1D2 and the rise conversion process of 3H5 ->1G4 to coincidence, it is especially desirable. 
Moreover, since 1.35-1.42-micrometer band cannot cause a noise easily to the magnification process of 3H4 ->3F4 in the excitation 
wavelength 2, it is especially desirable. 

[0014] Although the optimal wavelength selection of the excitation wavelength 1 and the excitation wavelength 2 cannot generally be 
if:3|e3|e4e*3(c(ed) since it changes with the classes of the addition concentration of Tm. or glass ingredient, it can be set up within the limits 
of each wavelength range of this invention. For example, in Tm:ZBLAN (fluoride glass), 0.68 micrometers (excitation wavelength 1) 
which can obtain high power semiconductor laser, and 1.40 micrometers (excitation wavelength 2) can be chosen. Although combination 
of the optimal excitation light power cannot generally be ******(ed) since it is dependent on the quality of the material of Tm 
concentration or optical waveguide, the numerical aperture of waveguide, etc., it is desirable that the excitation power ratio (R) 
expressed with x([power of excitation wavelength 1]/[power of power + excitation wavelength 2 of excitation wavelength 1])100% is 0% 
< R<=82.5% of range. When the excitation wavelength 2 (wavelength of 1.35-1.45 micrometers) is weaker than this range, it is hard 
coming to form the inverted population between 3H4 and 3F4, and sufficient magnification effectiveness cannot be acquired. Moreover, 
since a gain improvement of 2dB or more is achieved to the case where an excitation power ratio (R) excites by excitation wavelength 
2 independent one in 1.5% <= R<=78% of range, it is especially desirable. 

[0015] When using the excitation approach of this invention, if it is the ingredient which can amplify 1.47-micrometer band by Tm 
addition medium, the thing usable anything is clear. Generally as such an ingredient, the low glass of phonon energy is used, and 
chalcogenide glass, halide glass, KARUKO halide glass, halide oxide glass, a tellurite glass (tellurite glass), bismuthate glass, a gel money 
toga lath, gallium acid chloride glass, etc. are especially desirable. 

[O016] If it is laser oscillated by the excitation wavelength range of this invention, such as semiconductor laser, dye laser, solid state 
laser, and gas laser, as excitation laser, the solid state laser and fiber laser which were combined with semiconductor laser especially 
with a fiber pigtail and a fiber although it was good anything are desirable. The field of a price or size to semiconductor laser is suitable 
as the excitation light source. Moreover, in order to raise excitation efficiency, completely using the absorption band of Tm. it is also 
effective to use laser (for example, Raman laser) with a large oscillation wavelength band or to combine two or more laser with which 
wavelength differs by each excitation wavelength range. 

[0017] When it constitutes an optical amplifier, a wavelength division multiplex component (WDM) and an optical element for optical 
communication like an optical isolator can be used if needed. Moreover, if a gain monitor and a gain identification function are built or 
attached to amplifier, since the dependability of an optical transmission system will improve, it is desirable. If it is the approach of 
measuring incidence signal light reinforcement and output signal light reinforcement substantially, what kind of approach may be used 
for the monitor of gain. When performing wave-length multiple telecommunication, the approach of detecting and supervising for every 
signal assigned to each wavelength is desirable. An active approach may be used for a gain identification function also by the passive 
approach. As the passive gain identification approach, the configuration using a light filter is easy. The active gain identification 
approach consists of a gain monitoring function and a feedback function, and measures incidence signal light reinforcement and output 
signal light reinforcement substantially, and if it is an approach as for which gain is made to regularity, what kind of approach may be 
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used 'for it. Recently, it considers as a multistage configuration and the method of changing the power ratio for every excitation light 
reinforcement and excitation wavelength of each stage is performed widely. When performing wave-length multiple telecommunication, 
the approach of carrying out gain equalization for every signal by which it was assigned to each wavelength is desirable. Although it is 
the same function as gain identification, an output identification function which keeps output signal light reinforcement constant as well 
as a gain identification function is effective. As for these functions, it is desirable that are a programmable microprocessor etc. and 
adjustment has become possible automaticalty by remote operation. 

[001 8] When it constitutes a laser oscillation machine, optical waveguide can be connected in the shape of a ring, or two or more sets 
can connect with a serial or juxtaposition, and a high increase in power can be attained. Moreover, the narrow-band oscillation and 
wavelength adjustable oscillation using a fiber grating etc., and the ultrashort pulse oscillation by pulse compression are also possible. 
[0019] As mentioned above, usual 1.4-1.52-micrometer band optical amplifier more efficient than one wave or two-wave excitation or a 
usual laser oscillation machine can be offered by considering excitation wavelength as two-wave excitation with a wavelength band 
[ the band of 0.65-0.75 micrometers ], and a wavelength of 1.35-1.45 micrometers. 

[0020] Although an example is given and this invention is explained further hereafter, this invention is not limited to these examples. 
[0021] 

[Example] 0.2-mol % and fluoride [ which was added ] glass fiber was used for example 1 core for Tm. The basic glass presentation of a 
core and a clad is shown below. Tm has permuted La. A figure is mol%. 

core: ~ 51ZrF4-19BaF2-4.5LaF3-2YF3-2AIF3-13.5LiF-8PbF2 clad: — 40HfF4-10ZrF4-19BaF ~ the relative index difference of this 
fiber was [ 0.65 micrometers and the core diameter of cut-off wavelength ] 2.2 micrometers 1.1% three to 22 NaF three to 4 AIF three 
to 2 YF two to 3 LaF. Fiber length is 14m. 

[0022] Next, the configuration of the optical amplifier used for measurement is shown in drawing 4 . For excitation, the semiconductor 
laser 2 with a wavelength of 0.69 micrometers and the semiconductor laser 3 with a wavelength of 1.40 micrometers were multiplexed, 
and it has combined with the fluoride fiber 1 for optical amplification through the optical multiplexing/demultiplexing component 4 and 
the quartz fiber 5 of high NA. Association of a quartz fiber 5 and the fluoride fiber 1 used the V groove block, and in order that a 
junction end face might reduce reflection loss, it carried out optical polish and was aslant fixed with the optical adhesives of an 
ultraviolet curing mold. Incidence of the signal light from the signal generator 6 of 1.47-micrometer band was carried out to the fiber for 
magnification through the optical multiplexing/demultiplexing component 4, and small-signal gain was measured in the measuring 
instrument 8 through the amplified outgoing radiation light to the optical isolator 7. Input signal light is a continuation light the 
wavelength of 1 .47 micrometers and whose power are -30dBm. The small-signal gain at the time of exciting on single wavelength with a 
wavelength of 1.40 micrometers and the small-signal gain at the time of exciting to coincidence with two waves are shown in drawing 
5 . The input control power in two-wave excitation is two waves of sum total power, and the excitation power ratio (R) is being fixed to 
40%. In two-wave excitation, a gain improvement of 5dB or more is made to single wavelength excitation, and it turns out that the 
threshold is also low. 

[0023] It experimented by changing an excitation power ratio (R) with the same configuration using the same fluoride fiber as example 2 
example 1. The incidence conditions and excitation wavelength of signal light were the same as that of an example 1, it fixed to lOOmW 
and two waves of sum total power was measured. A result is shown in drawing 6 . It turns out that an excitation power ratio (R) with an 
excitation wavelength of 0,69 micrometers is high interest profit from the case of wavelength [ of 1.40 micrometers ] single wavelength 
excitation in 0< R<=82.5% of range. Especially in the range whose power ratio is 1.5<=R<=78%. it was 2dB or more high interest profit 
from the gain in 1.4-micrometer single wavelength excitation. 

[0024] With the same configuration as example 3 example 1. the magnification medium was used as In system fluoride glass fiber, and 
small-signal gain was measured. The addition concentration of Tm is 0.2-mol% and has permuted a part of Gd. A figure is mol%. 
core presentation: — 1 8InF3-12GaF3-20ZnF2-27BaF2-3PbF2-10GdF3-10YF3 clad presentation: — 1 8InF3-12GaF3-20ZnF2-18BaF2- 
12SrF2-10GdF3-10YF3 — the relative index difference of this fiber was 1.1%. and cut-off wavelength was 0.65 micrometers. The fiber 
length which used it for measurement is 14m. Excitation used semiconductor laser with a wavelength of 0.695 micrometers and 
semiconductor laser with a wavelength of 1.38 micrometers. As a result of measuring the gain the case of 1.38-micrometer single 
wavelength excitation, and in two-wave excitation (excitation power (ratio R) =40%) like an example 1 , as shown in drawing^ 7 . the 
direction of two-wave excitation was 5dB or more high interest profit. 

[0025] With the same configuration as example 4 example 1, the magnification medium was used as tellurite system oxide glass fiber, 
and small-signal gain was measured. The addition concentration of Tm is 0.6-mol% and has permuted a part of La. A figure is mol%. 
core presentation: — 90TeO2-8BaO-2La2O3 clad presentation: — the relative index difference of 3Y2081Te02-16BaO-3 fiber was 
0.7%, and cut-off wavelength was 0.65 micrometers. The fiber length which used it for measurement is 2m. Excitation used 
semiconductor laser with a wavelength of 0.695 micrometers and semiconductor laser with a wavelength of 1.40 micrometers. An 
excitation power ratio (R) is 40%. As shown in drawjng j , in two-wave it was 3dB or more high interest profit from the case of 
1.40-micrometer single wavelength excitation. 

[0026] With the same configuration as example 5 example 1, the magnification medium was used as bismuth system oxide glass fiber, 

and small-signal gain was measured. The addition concentration of Tm is 0.6-mol% and has permuted a part of La. 

[0027] 

core glass presentation: — 75Bi203-18 B-203-5Si02-2La203 clad glass presentation: — 70 Bi. the relative index difference of 203- 
l5CdO-15 B-203 fiber was 1.2%, and cut-off wavelength was 0.65 micrometers. The fiber length which used it for measurement is 2m. 
Excitation used semiconductor laser with a wavelength of 0.68 micrometers and semiconductor laser with a wavelength of 1.40 
micrometers. As a result of measuring the gain the case of 1.40-micrometer single wavelength excitation, and in two-wave excitation 
(excitation power (ratio R) =50%) like an example 1. as shown in drawing 9 , the direction of two-wave excitation was 3dB or more high 
interest profit. 

[0028] With the same configuration as example 6 example 1, the magnification medium was used as gallium acid chloride glass fiber, and 
small-signal gain was measured. The addition concentration of Tm is 0.3-mol%. 

core presentation: — 30K2O-30Ta2O3-40Ga2O3 clad presentation: — 30K2O-25Ta2O3-45Ga 203 ~ the relative index difference of 
this fiber was 1.2%. and cut-off wavelength was 0.65 micrometers. The fiber length which used it for measurement is 6m. Excitation 
used semiconductor laser with a wavelength of 0.695 micrometers and semiconductor laser with a wavelength of 1.35 micrometers. As 
a result of measuring the case of 1.35-micrometer single wavelength excitation, and the case of two-wave excitation (excitation power 
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(ratio R) =50%) like an example 1, as shown in drawing 10 , the direction of two-wave excitation was 3dB or more high interest profit. 
[O029] With the same configuration as example 7 example 1. the magnification medium was used as sulfide glass fiber, and small-signal 
gain was measured. The addition concentration of Tm is 0.2-mol%. A figure is mol%. 

[0030] core: — 30In2S3-40Ga2S3-30La2S3 clad: — 12aluminum(P03)3-11 AIF3-30.5RF2-46.5MF2 (R:Mg. calcium M:Sn Ba) Tm has 
permuted La. The relative index difference of this waveguide was 1.2%. and cut-off wavelength was 0.65 micrometers. The fiber used 
for measurement is 10m in die length. Excitation uses the'oscillation wavelength of 0.70 micrometers, and 1.45-micrometer 
semiconductor laser, and an excitation power ratio (R) is 20%. Moreover, signal light wave length is 1.50 micrometers, and power is - 
30dBm. As a result of measuring the gain the case of 1.45-micrometer single wavelength excitation, and in two-wave excitation like an 
example 1, as shown in drawing 1 1 , the direction of two-wave excitation was 3dB or more high interest profit. 
[O031] Signal light power with a wavelength of 1.47 micrometers was changed using the same configuration with the same fiber as 
example 8 example 1. and power conversion efficiency (PCE) was measured. The following formulas define power conversion efficiency. 

[0032] PCE(%) =[(output signal power)-(input signal power)]/(excitation power) xlOO excitation power was fixed to a total of lOOmW. In 
the case of two waves, semiconductor laser with a wavelength of 0.69 micrometers and semiconductor laser with a wavelength of 1.40 
micrometers were used. The excitation power ratio (R) is fixed to 40%. The power conversion efficiency at the time of exciting to 
coincidence with the case where it excites on single wavelength with a wavelength of 1.40 micrometers, and two waves is shown in 
drawing 12 . In two-wave excitation, it turns out that power conversion efficiency is sharply improvable to single wavelength excitation. 
[0033] """" 

[Effect of the Invention] By using the excitation approach of this invention, efficient 1.4-1.52-micrometer band optical amplifier or 1.4- 
1.52-micrometer band laser oscillation machine can be built. 



[Translation done.] 
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1. This document has been translated by computer. So the translation may not reflect the original precisely, 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the level scheme and absorption spectrum of Tm. 

[Px^)^i.nj?„-?,1 drawing explaining the level of Tm, and the excitation approach of this invention. 
[Draw i ng 3] It is drawing showing the absorption cross section from each level of Tm. 
[Drawing 4] It is the block diagram of the amplifier in an example 1. 

[.Qrayyi-QS. 51 It is drawing showing the excitation power dependency of the amplification factor in an example 1. 

[Dra wing 6] It is drawing showing the power ratio dependency of the excitation wavelength 1 of an amplification factor, and the 

excitation wavelength 2 in an example 2. 

[Drawing 7] It is drawing showing the excitation power dependency of the amplification factor in an example 3. 
[P/AVyinS..?! it 'S drawing showing the excitation power dependency of the amplification factor in an example 4. 
[Drawing 9] It is drawing showing the excitation power dependency of the amplification factor in an example 5. 
[Drawing 10] It is drawing showing the excitation power dependency of the amplification factor in an example 6. 
[Qr^yying 1J ] It is drawing showing the excitation power dependency of the amplification factor in an example 7. 
[Drawing 1 2] It is drawing showing the signal light power dependency of the power conversion efficiency in an example 8. 
[Description of Notations] 

1 Fiber for Optical Amplification 

2 Light Source Which Supplies Excitation Wavelength 1 

3 Light Source Which Supplies Excitation Wavelength 2 

4 Optical Multiplexing/demultiplexing Component 

5 High NA Quartz Fiber 

6 Signal Light Generator of Wavelength Band of 1.4-1.52 Micrometers 

7 Optical Isolator 

8 Measuring Instrument 
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